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Atty Docket No. ROC920030270US1 



SHALLOW TRENCH ISOLATION FILL BY LIQUID PHASE DEPOSITION 

OF SiQ2 

Field of the Invention 

5 The present invention relates to fabricating semiconductor devices and more 

particularly to shallow trench isolation techniques. 

Background of the Invention 

Using current photolithography practices, a number of semiconductor devices can be 
10 formed on the same silicon substrate. One technique for isolating these different devices 
from one another involves the use of a shallow trench between two devices, or active areas, 
that is filled with an electrically-insulative material. Known as shallow trench isolation, a 
trench is formed that extends from a top material layer on a wafer to a buried oxide layer, for 
example, and the trench is then filled with an electrically-insulative material, such as oxide. 
15 In particular, chemical vapor deposition (CVD) is used to cover the entire wafer with the 
oxide material and then planarized. 

This method of filling the trench with oxide introduces a number of problems. First, 
the oxide, typically silicon dioxide, must be planarized across the entire wafer to a level that 
coincides with the top of the trench. Through a planarizing process, such as chemical 
20 mechanical polishing (CMP), all the oxide must be completely removed from the active areas 
without over polishing either the active areas or the trenches. As wafer sizes have increased, 



IBM ROC920030270US1 

WH&E IBM/271/273 
Patent Application 



-2- 

uniform polishing over the entire wafer is difficult to accomplish and, as a result, some areas 
of the wafer have too much of the oxide removed while other areas have too little removed. 
Especially as wafer sizes have increased to 300mm, "dishing", or over polishing of the oxide 
is a common occurrence. 
5 Additionally, CVD deposition of oxide results in growth from the bottom and sides 

of the trench. Thus, three growing fronts exist within the trench as the oxide is being formed. 
When two growing fronts meet, a seam is formed that behaves differently during wet etching, 
such as with buffered hydrofluoric acid (BHF) or diluted hydrofluoric acid (DHF). When 
etched with a wet etching solution, the seams etch at a faster rate than the other portions of 

10 silicon dioxide. As a result, trenches, or cavities, are formed in the silicon dioxide along the 
seams. During later fabrication steps that deposit material on the wafer, these cavities can 
collect the deposited material resulting in unintended consequences. For example, deposition 
of polysilicon followed by a polysilicon etch step will result in polysilicon unintentionally 
remaining in some of the cavities along the seams in the silicon dioxide. Under these 

15 circumstances, if two gate conductors cross a common seam, then an electrical short could 
develop between the conductors. 

FIG. 1 illustrates a silicon-on-insulator (SOI) wafer 100 with shallow tench isolation 
regions formed using the conventional methods just described. In this figure, a silicon 
substrate 1 02 supports a buried oxide layer 1 04 and a SOI layer 1 06. In four active areas 1 20 

20 - 126, a pad oxide layer 108 and pad nitride layer 110 cover the SOI layer 106. Three 
trenches are formed between the active areas 120 - 126 and are filled will an electrically- 
insulative oxide such as silicon dioxide 112. Because the silicon dioxide 1 12 is thermally 
grown using a CVD process, the silicon dioxide 112 in each trench includes seams 114 
where growth fronts met when the silicon dioxide 1 1 2 was being formed. Furthermore, FIG. 

25 1 depicts the over and under polishing that occurs when a thick layer of silicon dioxide 112 
must be planarized over the entire surface of the wafer 100. For example, the right-side of 
the wafer 100 shows that the planarization step removed silicon dioxide 1 12 from the trench 



IBM ROC920030270US1 
WH&E IBM/271/273 
Patent Application 



while the left-side of the wafer 100 shows that some silicon dioxide 1 12 still remains on the 
pad nitride layer 110. 

Accordingly, there remains a need within the field of semiconductor fabrication for 
a shallow trench isolation technique that minimizes the mechanical polishing needed to 
planarize the oxide layer and that utilizes an oxide layer that has a uniform etch rate. 
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Summary of the Invention 

Therefore, embodiments of the present invention involve filling a shallow trench 
isolation region with liquid phase deposited silicon dioxide (LPD-Si0 2 ) while avoiding 
covering active areas with the oxide. By selectively depositing the oxide in this manner, the 
polishing needed to planarize the wafer is significantly reduced as compared to a C VD oxide 
layer that covers the entire wafer surface. Additionally, the LPD-Si0 2 does not include the 
growth seams that CVD silicon dioxide does. Accordingly, the etch rate of the LPD-Si0 2 
is uniform across its entire expanse thereby preventing cavities and other etching 
irregularities present in prior art shallow trench isolation regions in which the etch rate at the 
growth seams exceeds that of the other oxide areas. 

One aspect of the present invention relates to a method of forming shallow trench 
isolation regions. In accordance with this aspect, a plurality of active regions are formed on 
a silicon substrate and a shallow trench isolation region is formed between two of the active 
regions. Silicon dioxide is selectively deposited within the shallow trench isolation region 
and not deposited on the two active regions. 

Another aspect of the present invention relates to a semiconductor substrate on an 
SOI substrate that includes first and second active regions separated by a shallow trench 
isolation region. In particular, the shallow trench isolation region is filled with liquid-phase 
deposited silicon dioxide (LPD-Si0 2 ). 

Yet another aspect of the present invention relates to a semiconductor device forming 
area on an SOI substrate that includes at least two active areas and a shallow trench isolation 
region between the two areas. This forming area also includes an electrically-insulative 
material filling the shallow trench isolation region, the electrically-insulative material 
comprised substantially of silicon dioxide and having a uniform etch rate when exposed to 
wet etching solution. 

One additional aspect of the present invention relates to a method of forming shallow 
trench isolation regions. In accordance with this aspect, a plurality of active regions are 
formed on a silicon substrate and a shallow trench isolation region is formed between two 
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of the active regions. Silicon dioxide is selectively deposited within the shallow trench 
isolation region by liquid phase deposition of the silicon dioxide. 
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Brief Description of the Drawings 

FIG. 1 illustrates a SOI wafer having shallow trench isolation regions formed using 
conventional fabrication methods. 

FIG. 2 illustrates an initial SOI wafer on which shallow trench isolation regions are 
5 formed according to an embodiment of the present invention. 

FIG. 3 illustrates the SOI wafer of FIG. 2 with a pad nitride layer and an optional pad 
oxide layer according to an embodiment of the present invention. 

FIG. 4 illustrates the SOI wafer of FIG. 3 with a plurality of shallow isolation 
trenches. 

10 FIG. 5 illustrates the SOI wafer of FIG. 4 with the plurality of shallow isolation 

trenches filled with an electrically insulative material in accordance with one embodiment 
of the present invention. 

FIG. 6 illustrates the SOI wafer of FIG. 5 once the electrically insulative material 
within the trenches has been planarized. 

15 
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Detailed Description 

FIG. 2 illustrates a silicon-on-insulator (SOI) wafer that can be formed by a variety 
of conventional methods, such as SIMOX or wafer bonding and etch back. The wafer 200 
includes a silicon or other semiconductor substrate 202, a buried oxide (BOX) layer 204, and 
a silicon on insulator (SOI) layer 206. To continue the process, and referring to FIG. 3, a pad 
oxide layer 308 and a pad nitride layer 310 are formed over the SOI layer 206. The pad 
oxide layer 308 is typically silicon dioxide and is approximately between 2 - 10 nm in 
thickness. Some embodiments of the present invention omit the pad oxide layer 308 such 
as when a buffer between the pad nitride layer 310 and the silicon 206 is not needed. For 
example, as the thickness of the pad nitride layer 3 1 0 is reduced, it causes less damage when 
formed over the silicon 206. In some instances, therefore, the pad nitride layer 310 can be 
formed directly on the silicon 206 without the protection of the pad oxide layer 308. The pad 
nitride layer is typically Si 3 N 4 and is approximately between 10 - 150 nm thick. 

Using standard photolithographic and etching techniques, a photo resist pattern can 
be formed on the top of the pad nitride layer 310 so as to form shallow isolation trenches 
down to the BOX layer 204. As shown in FIG. 4, the trenches 402, 404, 406, and 408 
separate a number of active areas in which separate devices, such as transistors, can be 
formed. To create the trenches, a photo resist layer (not shown) is patterned on the pad 
nitride layer 310 and etching of the pad nitride layer 310 and pad oxide layer 308 is 
performed using the pattern. The photo resist can then be stripped and the resulting pattern 
of the pad nitride layer 3 1 0 is typically used to control the etch area of the SOI layer 206. As 
one alternative, the photo resist pattern can be used as the guide for etching all three layers, 
as well. 

At this point, the sidewalls of the trenches 402- 408 can be cleaned to reduce or 
eliminate native oxide along the exposed sidewalls of the SOI layer 208. This cleaning step 
can be accomplished by a hydrogen peroxide based cleaning step or other RCA cleaning 
methods in combination with DHF and/or BHF cleans known to a skilled artisan. After 
being cleaned, the trenches 402-408 are ready to be filled. FIG. 5 depicts the SOI wafer 300 
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with its trenches 402-408 filled with oxide 502. In particular the oxide is formed by 
depositing silicon dioxide by means of Liquid Phase Deposition. This deposition occurs in 
such a manner that the oxide nucleates on, and grows from, the exposed surface of the BOX 
layer 204. Thus, liquid-phase deposited silicon dioxide (LPD-Si0 2 ) differs in physical 
5 structure than silicon dioxide deposited via a conventional CVD process. 

The formation of silicon dioxide 502 is localized to the trenches and does not cover 
the active areas 504-512. Furthermore, the silicon dioxide 502 in each trench is formed 
without seams caused by the intersection of different growth fronts and, therefore, has a 
uniform etch rate across its entire surface. As shown in FIG. 5, the liquid phase deposited 

1 0 silicon dioxide 502 (LPD-Si0 2 ) overfills the trenches and extends above the pad nitride layer 
310 by approximately 10 to 100 nm, although as much as 500 nm is contemplated. 

Generally, LPD-Si0 2 tends to be less dense than thermally grown silicon dioxide, 
such as that resulting from a CVD process. Accordingly, a high temperature anneal or 
oxidation, such as at 800-1200°C, can be performed to density the LPD-Si0 2 502 so that it 

15 is more characteristic of thermally grown silicon dioxide. The annealing step can be 
performed using rapid thermal annealing that lasts for seconds to minutes or a slow furnace 
annealing that can last for hours. In either case, the ambient atmosphere is preferably inert 
to slightly oxidizing. This annealing step can be performed before or after the LPD-Si0 2 502 
is planarized to the level of the pad nitride layer 310 as shown in FIG. 6. Chemical 

20 mechanical polishing (CMP) can be used to planarize the LPD-Si0 2 502. However, only a 
few areas of oxide 502 (i.e., just the trenches) need to been planarized which reduces the 
amount of polishing, and the resulting time, needed to planarize the wafer 200. 

Also, because the CMP of the oxide 502 is reduced, less protection is needed over 
the active areas as compared to planarizing a CVD deposited oxide layer over an entire wafer 

25 as was performed historically. Thus, the thickness of the pad nitride layer 310 can be 
reduced as compared to conventional methods. Reducing the thickness of the pad nitride 
layer 310 is beneficial because it reduces the time needed to deposit the layer 310 and 
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remove the layer 310; both of which are slow processes. In the past protective pad nitride 
layers have commonly exceeded 200 nm and more. 

Once the tenches are filled and planarized (as shown in FIG. 6), conventional 
semiconductor fabrication processes can continue to form a variety of devices within the 
5 active areas on the SOI wafer 300. For example, the pad nitride layer 3 1 0, and possibly the 
pad oxide layer 308, would be stripped off and well implantation would occur to form 
source/drain regions over which a gate could be constructed. Additionally, if the optional 
pad oxide layer 308 was omitted during fabrication, a sacrificial oxide layer can be grown 
over the exposed SOI regions before additional manufacturing steps are performed. 
1 0 Various modifications may be made to the illustrated embodiments without departing 

from the spirit and scope of the invention. Therefore, the invention lies in the claims 
hereinafter appended. 
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